Osteoporosis is a major health concern for aging communities. The associated progressive decrease in bone mass leads to an increased susceptibility to fractures, which results in substantial morbidity and mortality.
Notes
Osteoporosis is a major health concern for aging communities. The associated progressive decrease in bone mass leads to an increased susceptibility to fractures, which results in substantial morbidity and mortality. 1) Bone tissue is constantly being resorbed and rebuilt in a coupled process known as remodeling. The bone remodeling process is controlled by the rates of bone formation and bone resorption. 2) A rapid rate of bone resorption that exceeds the rate of bone formation results in bone abnormalities, such as osteoporosis. Since many osteoporotic patients have already lost a substantial amount of bone, a method of increasing bone mass by stimulating new bone formation is required. 3) In our ongoing study to find active natural compounds to differentiate MC3T3-E1 osteoblastic cells, potent activity was found in the MeOH extract of the aerial parts of Camellia amplexicaulis (Theaceae). This plant is only really known for its flowers, which are a favorite choice for New Year decorations. To date, there appears to have been no study that focussed on the phytochemistry and bioactivity of this plant. 4) Based on a bioactivity-guided fractionation and isolation method, one new neolignan glycoside named "camellioside A" (1) has been isolated from the leaves and branches of C. amplexicaulis, along with seven known compounds including 7S,8S-4,9,9Ј-trihydroxy-3,3Ј-dimethoxy-8-O-4Ј-neolignan-7- 6) urolignoside (4), 7) junipetrioloside A (5), 8) isolarciresinol (6), 9) corchoionoside C (7), 10) and blumeon C glycoside (8) . 11) This paper describes the isolation method, the structure elucidation of camellioside A, and the evaluation of the effects of compounds 1-8 on osteoblast differentiation in MC3T3-E1 cells.
Results and Discussion
Compound 1 was obtained as a white amorphous powder. Its HR-ESI-MS showed a [MϪH 2 12) In addition, it was possible to assign the carbon signals corresponding to each proton signal using the obtained HMQC spectrum. Furthermore, the partial structures of 1 were confirmed from COSY and HMBC NMR spectra; key correlations for these experiments are illustrated in Fig. 2 . In the COSY spectrum, correlations of H-5/H-6, H-7/H-8, H-8/H-9, H-5Ј/H-6Ј, H-7Ј/H-8Ј, and H-8Ј/H-9Ј were obsevered. The HMBC spectrum revealed correlations of H-7/C-1,2; H-8/C-4Ј; H-7Ј/C-1Ј,2Ј. Moreover, further analysis of the HMBC spectrum found the correlations from anomeric proton H-1Љ to C-9Ј at d 68.7 and H-9Ј to C-1Љ at d 103.2, indicating the linkage position with glucose unit at C-9Ј. The mode of glycosidic linkage were determined to be b form due to the large coupling constant of the anomeric proton doublet at d 4.22 (Jϭ7.6 Hz).
Enzymatic hydrolysis of 1 gave D-glucose (determined by a GC experiment) and an aglycone (1a). In the 1 H-NMR spectrum of 1a in CDCl 3 , the proton H-7 was a doublet with a large coupling constant (Jϭ8.0 Hz) at d 4.92. Braga et al. reported that large and small J values for H-7 and H-8 of 8-O-4Ј neolignan diastereoisomers correspond to the threo and erythro forms, respectively, in terms of the possible staggered conformers with intramolecular hydrogen bonding of the benzylic hydroxyl and aryloxyl groups.
13) Accordingly, 1 was determined to have relative threo configuration. Furthermore, based on the CD spectrum the stereochemistry of C-7 and C-8 were both assigned to be R according to the study of related structures. 5, [14] [15] [16] The CD spectrum of 1 showed a strong negative Cotton effect at 233 nm (De Ϫ14.45), opposite of that of 7S,8S-4,7,9,9Ј-tetrahydroxy-3,3Ј-dimethoxy-8-
O-4Ј-neolignan-9Ј-O-b-D-glucopyranoside which reported recently from Iodes cirrhosa.
14) Based on these evidence, compound 1 has been identified as 7R,8R-3Ј,4,7,9-tetrahydroxy-3-methoxy-8-O-4Ј-neolignan-9Ј-O-b -D-glucopyranoside, which has been named "camellioside A".
To evaluate the effect of the isolated compounds on MC3T3-E1 differentiation, the alkaline phosphatase (ALP) activity and calcium deposition were examined. Osteoblastic MC3T3-E1 cells, at confluence, were cultured with a differentiation-inducing medium, and then incubated in a medium containing the individual isolated compounds. Among the eight compounds tested, compounds 2, 3, 4, and 6 significantly increased the ALP activity. Compounds 3 and 4 showed the most potent activity. At concentrations of 0.01 mM, compounds 3 and 4 increased the ALP activity up to 152.2 and 142.3%, respectively, compared to that of the control and stronger than the positive control, 17b-estradiol. Compounds 1, 5, 7, and 8 showed comparatively weaker effect ( Table 1 ). The effect of the isolated compounds on mineralization was then examined by measuring the calcium deposition by Alizarin Red staining. As was found for the ALP activity study, compounds 2, 3, 4, and 6 showed significant stimulatory effects on mineralization (Table 2) . They increased the mineralization to 115, 118, 124, and 113%, respectively, compared to that of the control at a concentration of 10 mM. When the cell viability was measured using the MTT assay, no toxic effects were observed after incubation of the cells with 0.01 to 10 mM of the eight compounds (data not shown). This result indicated that the compounds were not toxic at the concentrations used in this study.
Of the eight isolated compounds, compounds 1-4, and 6 belong to the lignan group. As the results, lignans 2, 3, 4, and 6 showed more significant stimulatory effects in ALP activity and calcium deposition than did the rest of the compounds. Recently, lignans have received considerable attention due to their noteworthy role in stimulating osteoblast differentiation both in in vitro and in vivo studies. 17) For instance, lignans from Machilus thunbergii SIEB. et ZUCC. (Lauraceae) were found to increase osteoblast differentiation in primary cultures of mouse osteoblasts. 18) Another study reported that secoisolariciresinol diglycoside from flaxseed showed anti- osteoporotic activity in postmenopausal women. 19) Also, isotaxiresinol from Taxus yunnanensis has been found to prevent bone loss in an ovariectomized model. 20) This current study suggests that, among the compounds obtainable from C. amplexicaulis, the lignans play an important role in promoting MC3T3-E1 osteoblast cell differentiation in vitro.
Experimental
General Experimental Procedures Optical rotations were determined using a JASCO DIP-360 digital polarimeter. UV spectra were recorded using a Beckman Du-650 UV-VIS recording spectrometer. CD spectra were recorded using a JASCO J-700 spectropolarimeter. IR spectra were measured by a Perkin-Elmer 577 spectrometer. NMR spectra were recorded on Bruker DRX 400 and 500 NMR spectrometers. The HR-ESI-MS spectra were obtained using a JMS-T100TD spectrometer with an electrospray ion source (Tokyo, Japan). Column chromatography (CC) was performed on silica gel Enzymatic Hydrolysis b-Glucosidase (10 mg, from almond) was added to a suspension of 1 (2 mg) in 50 mM phosphate buffer (5 ml) adjusted to pH 7.0 by NaOH. The resulting mixture was stirred at 37°C for 48 h. The reaction mixture was extracted with EtOAc (5 mlϫ3), and the organic layer was evaporated in vacuo. The residue was subjected to preparative TLC with CHCl 3 -MeOH (10 : 1) to afford aglycone 1a (1 mg). The sugar residue, obtained by concentration of the water layer, was dissolved in dry pyridine (0.1 ml). Then L-cysteine methyl ester hydrochloride in pyridine (0.06 M, 0.1 ml) was added to the solution. After heating the reaction mixture at 60°C for 2 h, 0.1 ml of trimethylsilylimidazole was added. Heating at 60°C was continued for a further 2 h. The dried product was partitioned between hexane and H 2 O. The hexane layer was analyzed by GC (Shimadzu-2010) using a DB-05 capillary column (0.5 mm IDϫ30 ml) (column temperature: 210°C; detector temperature: 300°C; injector temperature: 270°C; He gas flow rate: 30 ml/min).
21) The peak of the hydrolysate of 1 was detected at t R 14.12 min for D-glucose. The retention times for the authentic samples (Sigma), after being treated in the similar manner, were 14.12 min (D-glucose) and 14.25 min (L-glucose). Co-injection of the hydrolysates of 1 with standard D-glucose gave single peaks. 1a: Cell Culture MC3T3-E1 cells (RCB1126, an osteoblast-like cell line from C57BL/6 mouse calvaria) were obtained from the RIKEN Cell Bank (Tsukuba, Japan), and cultured at 37°C in a 5% CO 2 atmosphere, in an amodified minimal essential medium (a-MEM; GIBCO). Unless otherwise specified, the medium contained 10% heat-inactivated fetal bovine serum (FBS), 100 U/ml penicillin, and 100 mg/ml streptomycin.
Alkaline Phosphatase Activity The cells were treated, at 90% confluence, with a culture medium containing 10 mM b-glycerophosphate and 50 mg/ml ascorbic acid to initiate in vitro mineralization. The medium was changed every 2-3 d. After 6 d, the cells were cultured with a medium containing 0.3% bovine serum albumin (BSA) and the isolated compounds for 3 d. On harvesting, the medium was removed and the cell monolayer was gently washed twice with phosphate buffered saline (PBS). The cells were lysed with 0.2% Triton X-100, with the lysate centrifuged at 14000ϫg for 5 min. The clear supernatant was used to measure the ALP activity, which was determined using an ALP activity assay kit (Asan Co., Korea). 
